The results of a detailed seismic microzonation study performed at Canazei (TrentinoNorthern Italy) are here presented. We investigated the local seismic response of this small village using a Level 3 seismic microzonation, the most accurate according to the Italian Code of Seismic Microzonation. This method consists of gradual steps of knowledge to consider different aspects of the amplification phenomena. A multidisciplinary approach has been performed, including a local geological study, geophysical investigations, geotechnical characterization of lithologies and numerical analyses. The obtained elastic response spectra were compared to the spectra prescribed by the Italian Building Code. Our results show the geologic and geophysical subsoil heterogeneities, responsible for different local seismic responses in terms of acceleration spectra and amplification factors.
Introduction
In the activities finalized to the knowledge of the local seismic hazard and the seismic risk, geological and geophysical studies are essential to perform prevention and reconstruction activities, especially where seismic hazard is related to high building vulnerability and the artistic and historic importance of urban centers.
Seismic microzonation evaluates the expected local seismic hazard that originates from the peculiar geological and geomorphological characters of the site, by a multidisciplinary approach and specific levels of in-depth analyses. The Italian Guidelines for the Seismic Microzonation (ICMS) (GdL MS 2008) prescribe 3 levels of knowledge: the Level 1 (qualitative approach) is dedicated to the individuation of the areas where amplification and/or instability phenomena can occur. The Level 2 (semi-quantitative approach) defines the expected amplification factors using abacuses, starting from deposit thicknesses (z) and the equivalent average shear-wave velocity within the H depth interval (Vs H ). The Level 3 (quantitative approach) quantitatively evaluates amplification and instability by applying experimental and numerical analyses.
The Provincia Autonoma di Trento promoted a multidisciplinary study in the small municipality of Canazei with the aim of seismic risk reduction, applying a Level 3 ICMS approach. Principal phases performed by the multidisciplinary working group were: 
Reference Seismic Motion
The numerical analyses of Level 3 (ICMS) requires realistic accelerograms and acceleration response spectra as seismic input. The maximum acceleration (a max ) and the spectral ordinates of the acceleration response spectra (for conventional return periods of 475 years) were calculated according to the Italian seismic hazard map (GdL MPS 2004 (IBC 2008) . The five selected accelerograms were scaled in order to have the acceleration peaks close to the reference a max value (Fig. 206.3) .
Numerical Modeling and Results
Due to the observed geological and geophysical complexity, analyses were carried out applying two-dimensional numerical models. The applied numerical code derives from the finite-element Quad4 m code (Hudson et al. 1993) and permits both to model any section characterized by specific materials and to analyze the non-linear soil response by equivalent-linear analyses.
The results are reported as average of the five outputs at specific points of the studied cross-sections, in terms of elastic acceleration response spectra (5 % critical damping, Fig. 206 .4) and amplification factors (Fa, Fig. 206 .5). Fa is calculated as the ratio between the output and input integrals on the elastic velocity response spectra in the period ranges 0.1-0.5 s (Fa 0.1 − 0.5 ) and 0.5-1.5 s (Fa 0.5 − 1.5 ) (Pergalani et al. 1999) .
The obtained average acceleration response spectra are compared with the response spectra prescribed by the Italian Building Code (IBC 2008) assuming the correspondent subsoil category for each point (using the Vs 30 value) (Fig. 206.4) .
To perform this comparison, the calculated spectra were modified using the procedure by GdL MS (2008), producing spectra characterized by three segments with constant In general, the IBC (2008) spectra are lower than the calculated spectra, particularly for low periods and for B category subsoils (Fig. 206.4) . Figure 206 .5 maps the result in terms of average amplification factors, where each singular value at a specific point has been laterally extrapolated considering geologic homogeneity.
Fa 0.1 − 0.5 values locally reach values higher than 2.8, showing significant amplification. Fa 0.5 − 1.5 values range between 1.0 and 1.8, corresponding to a medium-high amplification. Elastic acceleration response spectra of selected points along each section (cf. Fig. 206 .2) from 1 (first row) to 6 (last row), with reference response spectra according to IBC (2008) 206.5
Conclusions
The Canazei study permitted to highlight geologic and geophysical local heterogeneities of the subsoil, able to produce different local seismic responses. The Level 3 seismic microzonation carefully defines the effective seismic hazard at this site, necessary to evaluate risk for seismic and civil protection. The results, expressed in terms of elastic acceleration response spectra and amplification factors for specific period intervals, show significant differences with respect to the response spectra of the Italian Building Code (IBC 2008) . The use of these new calculated spectra is proposed for building design projects.
We confirm that, in urban contexts, seismic microzonation analyses offer a necessary and valid method to improve knowledge and quantitatively evaluate seismic response useful for risk reduction and building safety improvements.
